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Noboru Hara* : Early ontogeny and malformation 
of Ginkgo leaves 

m «*: 

The Ginkgo leaf is usually divided into two major lobes, each of which in 
turn is further dissected into segments. The leaves of the long shoot, especially 
of epicormic shoots usually have a deep sinus between lobes but there are, how¬ 
ever, some leaves which have scarcely any sinus at all (Fig. 1; Critchfield 1970, 
Foster & Gifford 1974, Hara 1981). Hara (1980) studied the early ontogeny of 
leaves of epicormic shoots and reported that the basic plan of the Ginkgo leaf 
is principally formed not by a flabellate dichotomy, but should rather be con¬ 
sidered to be formed cruciately, at least until the stage of the second bifurcation. 

The author has found various malformed leaves on epicormic shoots of a 
Ginkgo tree at the Botanical Gardens, University of Tokyo. In the present 
study some of the forms of malformed leaves will be reported and the early 
ontogeny of the leaf primordia of such shoots will be described using a scanning 
electron microscope (SEM). The deduced ontogenetic process of such malformed 
leaves will be discussed. 

Materials and methods Most of the specimens of malformed leaves were 
obtained in 1980 from epicormic shoots of a female tree of Ginkgo biloba L. at 
the Koishikawa Botanical Gardens, University of Tokyo, Tokyo. The remainder 
were collected at the Hongo Campus, University of Tokyo. As a comparison, 
some materials of normal leaves were collected from a tree at the Komaba 
Campus, University of Tokyo, and some seeds were also collected at the same 
campus. Shoot tips for SEM micrographs were collected in April 1981, fixed in 
Craf HI, dehydrated in ethyl alcohol, critical-point dried and coated with gold. 
The SEM micrographs were prepared on a Hitachi S-405 SEM set at 15 kv. 

Observations 

Gross morphology of the malformed leaf: Various leaves from epicormic 
shoots of the tree in the Botanical Gardens are described here. Some leaves 
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showed extremely deep sinuses, although such sinuses are not characteristic of 
malformation. The connecting region between the lamina and the petiole of 
such leaves is cup-shaped, as shown by the arrow in Fig. 2 and is called the 
'cup-shaped lamina base’ in the present study (although it is very small in the 
case of Fig. 2). The leaves shown in Fig. 3 and Fig. 4 also clearly have cup¬ 
shaped lamina bases. 

The leaf shown in Fig. 5 was found in 1982 on a seedling grown from a 
seed collected at the Komaba Campus, University of Tokyo. This leaf has a 
completely cup-shaped lamina. On the tree at the University of Tokyo Botani¬ 
cal Gardens there were also several young cup-shaped leaves on epicormic shoots 
in spring, but only a few mature cup-shaped small leaves in summer and autumn. 
Some young cup-shaped leaves developed in summer into leaves such as shown 
in Figs. 3 and 4, but only few became precociously mature cup-shaped small 
leaves. The latter were usually found on sylleptic short shoots grown on 
epicormic shoots. Furthermore, there were found two cup-shaped half-leaves at 
the Hongo Campus (Fig. 6) and the Botanical Gardens (Fig. 7). A half of such 
a leaf has a fiat laminal part with the other half being cup-shaped. The flat 
laminal part shown in Fig. 6 has a cup-shaped base such as the cup-shaped 
lamina base of the leaf in Fig. 3. 

Early ontogeny of the leaf primordium: The early ontogeny of the leaf 
primordium of normal leaves from a tree at the University of California, Berkeley 
has been studied using the SEM (Hara 1980). In the present study the author 
has tried to confirm the results obtained in the former study and compare the 
leaf development of normal leaves to that of malformed leaves. The specimens 
for the present study were obtained at the Komaba Campus, University of 
Tokyo. As in the previous study, the leaf primordium obtained in Tokyo shows 
successive bifurcations (Fig. 8). The second bifurcation occurs cruciately, that 
is, at approximately a right angle to the first. Thus, the abaxial surface of 
the lamina is derived from the outer surface of the leaf primordium and the 
adaxial surface is derived from the depressed inner surface formed by the first 
and second bifurcations of the primordium. 

The shoot tips from epicormic shoots of the tree in the Botanical Gardens 
are shown in Figs. 9 and 10. The principal plan of the development of the 
leaf primordium seems to be almost the same as that of the normal primordium 
shown in Fig. 8 in that the primordium shows successive bifurcations. However, 
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Figs. 1-7. Fig. 1. Normal leaves. Fan-like leaf (left), leaves dissected into two segments (middle) 
and four segments (right). Scale=ca 5 cm. (After Hara 1981). Fig. 2. Leaf dissected into several 
segments with extremely deep sinuses. There is a small cup-shaped lamina base (arrow). 


Scale = ca 5 cm. Figs. 3, 4. Leaves with a cup-shaped lamina base: Fig. 3, the inside of the 


leaf is seen from the upper side of the leaf; fig. 4, the inside is seen from the lower side of 


the leaf. Scale=ca 3 cm. Fig. 5. Cup-shaped leaf on a seedling. Scale=ca 3 cm. Figs. 6, 7. 


Cup-shaped half-leaves. Half of the lamina is cup-shaped and the other half of the leaf has a 


cup-shaped base in fig. 6 and is normal in fig. 7. Scale =ca 3 cm. 


the furrows produced by bifurcations are more shallow than those of the normal 
primordium. The depression is also shallow, at least in the early ontogenetic 
stages as shown in Figs. 9 and 10. 

Discussion Watari (1936) described cup-shaped Ginkgo leaves from the 
Hongo Campus and reviewed papers concerned with such leaves. However, 
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Figs. 8-10. SEM micrographs of shoot tips. Fig. 8, shoot 
tip of an epicormic shoot of a tree that forms normal 
leaves. Figs. 9 and 10, shoot tips from a tree that is 
likely to form malformed leaves. Primordium in fig. 8 
shows cruciate bifurcations with deep furrows. Shoot 
' , tips in figs. 9 and 10 show cruciate bifurcations with 
shallow furrows. Scale=ca 300 /on. 


there has been no study 
which has reported in detail 
on the ontogenetic process 
of the malformed leaf. In 
this report the process of 
the malformed Ginkgo leaf 
is correlated to that of the 
normal leaf. The author 
attempts to explain the 
presence of various forms 
of malformed leaves of 
Ginkgo, observed in the 
present study, from the 
ontogenetic process of 
cruciate bifurcations. 

The normal leaf is 
formed as follows (cf. Fig. 
8, Fig. 11 A; Hara 1980). 
The first and second bifur¬ 
cations occur successively 
which result in the for¬ 
mation of furrows on the 
primordium. The furrows 
are clearly seen in the 
apical view of the primordial 
lamina. The furrow, which 
is formed by the first 
bifurcation, becomes deep 
on the adaxial side forming 
the typical pattern of the 
dorsiventral lamina. 

By deduction then, the 
cup-shaped leaf shown in 
Fig. 5 and Fig. 11D could 
be formed if the lamina 
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sector of the primordium did not separate at the adaxial side; and the malformed 
leaf shown in Fig. 3 and Fig. 11B could be formed if the lamina sector was 
incompletely separated at the adaxial side. Such a leaf as shown in Fig. 4 and 
Fig. 11C might be produced. In this case, of course, the furrow on the adaxial 
side of the primordium would not be deep, but that on the abaxial side would 
be relatively deep. 

The cup-shaped half-leaves shown in Figs. 6 and 7 show that even half of 
a leaf can form a cup-shape. The development of such leaves is shown in Fig. 
11E. 

It was suggested by Hara (1980) that the basic plan of the Ginkgo leaf is 



Fig. 11. Diagrams (as seen from above) of the deduced ontogentic processes of the 
lamina. A circle on the left represents the primordium at a very early stage. 
A: the development of the normal leaf (discussed in Hara, 1980). B-E: the 
development of malformed leave'. AB, abaxial; AD, adaxial. 
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principally formed not by a flabellate dichotomy, but should rather be considered 
to be formed cruciately, at least until the stage of the second bifurcation. The 
form of the cup-shaped half-leaf found in the present study is further suggestive 
that the basic plan of the Ginkgo leaf is formed cruciately even through the 
stage of the third bifurcation. 

From a tree at the Botanical Gardens, University of Tokyo, which forms 
malformed leaves of various types, leaf primordia with relatively shallow furrows 
have been observed on the shoot tips of epicormic shoots. Such shallow furrows 
of the primordia might be correlated to cuu-shape formation. The shallowness 
in the early stage of ontogeny might be correlated to retardation of vertical 
separation which then forms a different pattern of the dorsiventral lamina. 
However, dissected lamina sectors of such leaves are able to grow actively in a 
relatively late stage of ontogeny to form extremely deep sinuses, because a 
number of fully developed, extremely dissected leaves such as shown in Fig. 2 
were found. The formation of the complete cup-shaped leaf such as shown in 
Fig. 5 seems to be correlated to precocity. As far as the present study is 
concerned, the mature cup-shaped leaves seem to be the ones which have failed 
to elongate the dissected lamina sectors during a relatively late stage of ontogeny. 

Thus, the process of the malformed leaf formation in Ginkgo can be deduced 
from the ontogenetic process of the primordium of the normal leaf. Also, the 
forms of the malformed leaves seem to reflect the ontogenetic process of cruciate 
bifurcations. 

In the present study, the deduced morphological process of malformed Ginkgo 
leaves was discussed. Although Maekawa (1948) discussed the dichotomy of 
Ginkgo in correlation to the cup-shaped leaf, there may be a need to study 
much more before an adequate discussion on the phylogeny of Ginkgo can be 
made, and the dichotomy in Ginkgo should be compared to that in the primitive 
vascular plants. 

The author is indebted to Dr. Steven Ruzin, Plant Genetics, Davis, California, 
U. S. A. for reading and commenting upon drafts of the manuscript. The author 
is also indebted to Mr. Shigenobu Yonemura, Department of Zoology, Faculty 
of Science, University of Tokyo, for finding the cup-shaped half-leaves shown 
in Figs. 6 and 7. This work was supported by a Grant in Aid for Scientific 
Research of Ministry of Education, Science and Culture, Japan, No. 00548012 
and No. 57340040. 
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